set of circadian clock-controlled genes. FKF1 tranGenes defective in mutants that flower late only in long scripts are circadianly regulated, and FKF1 is a novel days are thought to process day length signals in a protein with sequence characteristics suggesting that photoperiod-responsive pathway. Mutants that flower it may be a photoreceptor that targets proteins for ubilate in both short and long days are probably disrupted quitin-mediated degradation. in genes that function in an autonomous pathway of floral induction, which eventually leads to flowering reResults gardless of the environment. Vernalization generally rescues flowering delays in this latter group. A third floral
late flowering resulted from loss of a gene close to IAR1 because the six other iar1 alleles flower normally and because fast neutrons cause deletions in Arabidopsis (Bruggemann et al., 1996) . Recombination mapping localized iar1 to the bottom of chromosome 1, near the ft and fe late-flowering mutants (Koornneef et al., 1991) . F 1 plants from crosses of iar1-4 to either of these mutants flowered normally, indicating that we had identified a novel locus required for normal flowering, which we named FKF1.
Flowering time mutants have varying responses to conditions that normally promote flowering. Exposing Arabidopsis to several weeks of cold accelerates wildtype flowering and restores normal flowering to a subset of mutants (Koornneef et al., 1998; Simpson et al., 1999) . The phytohormone gibberellin also promotes flowering, apparently through an independent pathway (Simpson et al., 1999) . Like flowering of autonomous floral promotion mutants, fkf1 flowering is dramatically accelerated by vernalization or gibberellin treatment ( Figures 1C and 1D ). 
FKF1 Is a Member of an Arabidopsis Gene Family
We mapped fkf1 to a then unsequenced region on the bottom of chromosome 1 using recombination. By developing markers in the area, we localized FKF1 to T7E4, a 116 kb BAC. PCR-amplifying genomic DNA using primers in this area revealed that 65 to 80 kb of DNA was deleted in fkf1. We constructed a T7E4-derived genomic library, transformed individual clones from this library into fkf1, and monitored transformant flowering times 
Deleting FKF1 Alters Circadian Transcript Oscillation in Continuous Light
Because the circadian clock regulates FKF1 transcript levels, we compared cycling of other clock-controlled transcripts in fkf1 and wild-type plants. We analyzed mRNAs encoding chlorophyll a/b binding protein (CAB), which is part of the clock output (Millar and Kay, 1991) and Figures 5C, 5E, 5G, and 5H) . Both leaves and cotyledons express FKF1-GUS in some stomata (Figures 5E and 5F ), which is intriguing because blue light controls both the clock (Somers, 1999) and stomatal opening (Briggs and Huala, 1999) , but the stomatal photoreceptor has not been identified. However, a zeaxanthin cofactor is implicated in this response (Frechilla et al., 1999) , and FKF1 is more likely to bind a flavin.
leaves (
FKF1-GUS staining was also observed in primary (Figures 5K-5N) and secondary root tips, anther filaments ( Figure 5J), and sepals (Figures 5I and 5J) . Several autonomous pathway genes are also expressed in roots, including LD (Aukerman et al., 1999) , FLC (Michaels and Amasino, 1999) and FCA (Macknight et al., 1997) .
Interestingly, light apparently modulates FKF1-GUS expression. Whereas seedlings grown in white or blue light stain strongly, seedlings grown in red light stain only moderately, and dark-grown seedlings stain weakly and only in root tips (Figures 5K-5N ; data not shown). Ausubel, F., Brent, R., Kingston, R.E., Moore, D.E., Seidman, J.G.,
FKF1 Transcripts Oscillate with a Circadian Rhythm

